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kechaklem  or  kbtal  corposion  in  kajrpcw 

SLITS  AND  CREVrr  if*; 

VI.  MACaiESrUM  AND  SCKE  OF  ITS 

»Tt  mrs 

I.  L.  RCSETCriELD.  I.  K.  KaPSHAKCV  (Mcacov) 

Hr  Ita  alactrochcflilCMl  prcpartiea  magneaiua  aharply  differa  from  other 
metala  (1  -  3)  this  detdrsdnea  its  beheTiour  in  oorrov  sllta.  The  laws 
eatabliahed  for  other  metals  do  net  deacriba  the  bdhaTiour  of  magneaxua  -.i-ad 
the  study  of  ccrroelTe  and  electrccbecical  prepertiea  of  mogneaiua  and  its 
alloys  hfcfl,  therefore,  a  certain  eclentifical  Interest.  In  Tiew  of  the  beroed 
application  of  m^^^aesluo  alloys  In  Industry  and  especially  in  a-rlaticn  thie 
study  acquires  a  practical  Importance. 

Hlfraly  purified  aatjneaiuai,  co3n;erclal  mtignealus,  and  alloys  Ml  - and 
KA  •  8.  vhoae  contccta  are  glTeti  in  Table  1,  were  InTesti^ated • 

The  method  of  Icveatigatioc  of  metal  cerroaioc  in  alita  was  doreloped 
proTioualy  (/*).  The  producta  of  corroalon  has  been  taken  off  by  20<  aelution 
of  chrome  anhydrite  (with  snxall  admixture  of  AfiNO^)  at  90**  C  in  5  “  3  minutes. 

CorrosiTe  eondust  of  the  on gnesium  of  high  p<jrlty  in  slits  is  represented 

\ 

graphically  in  rig.  1.  0,01  N  NaCl.  Was  a  corroaiTe  medium.  The  relocity  of 

aagxvsalum  corrosion  in  neitrow  slits  (less  than  C  ,50  am)  is  conaidarably  higher 
than  in,  the  electrolyte  (cuttbs  1.  I,  3)  seen  in  the  diagram.  The 

character  cf  corrosion  deductions  in  slits  is  also  changing.  In  electrolytic 


TOltme  highly  pure  magnesium  eerredss  uniformly  but  in  narrow  slits  it  is 
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8UbJ«et«d  to  ntroBg  pitted  corrcaion  (Flg.2)  The  currea  of  relE-tlon  of  corrosion 
Telocity  and  the  arerage  depth  of  the  pit  with  dimension  of  slit  here  the  same 
shape  and  are  characterized  by  the  presence  of  naxlmams. 

Corrosion  condiist  of  coocerclal  magnpsium  has  been  studied  in  distilled  water 
axid  in  solutions  of  sodium  chloride  O.OCl;  0,01  and  0,3  N.  In  all  cases  the 
Telocity  T»TntVTT-r!T^M»«TfT»«T»t»T«-iri-».  of  cuignesiusi  corrosion  in  narrow  slits  is 
higher  than  Telocity  of  ccrrosion  in  electrolyte.  The  ciirre  corrosion  Telocity 
Ts  slit  dimensions  also  haTe  a  aaTlimm  at  certain  aTsrage  Talue  but  not  at  min* 
imual  slit.  With  chlorine- ion  ccncentration  increasing  the  nuixiicuiD  shifts  to 
more  wide  slits, 

TlBLB  1 

_ CHa-gcAi  cc.NTEirr  oy  lnyestigatsd  k^-Tsfials _ 


content  t 


material  ^ 

Fe 

Mn 

Al 

Si 

Zu 

•Vg 

high  purity  inigDeslum 

cosEiarcial  (technical 

.0,00:7 

)  c.ou 

0,0001 

0,0011 

0,04a 

O'iOOOo 

0,041 

0.0019 

balance 

saixe 

alloy  ML  -  3 

alloy  Ka  -  3 

C.014 

Q.03 

1.9 

4.30 

1 

1 

1 

0,68 

1  *  * 

9  9 

The  relation  between  the  T^pcity- of. corrosion  for  alloy  ML  -  3  and  the 
dlaensloD  of  slit  and  chlorine-ion  concentration  is  Tsjry  coiqplex  (Fig,  3)  In 
distilled  water  and  in  0,01  N  NaCl  the  Telocity  of  alloy  W,  -  3  ccrrosion  in 
fillts  narrower  than  0,23  1*  longer  than  Telocity  of  ccrrosion  of  the  same 

alloy  in  electrolyte. 
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Xb  0,1  M  NaCl  tho  ralocity  of  corrosion  In  narrow  jilts  is  lov«r  tlisB  la 
slsctrolTts.  Tbs  pseullarlty  of  alloy  Ma  *8  corrosion  b«haT4our  conelsts  in 
tbs  fact  that  tbs  Tslocity  of  corrosion  in  slits  almost  did  not  chants  with  tlma 
but  tbs  Tslcclty  of  corrosion  in  slectrolyts  dimlnisbsd  grsatly*  Thsrafors,  tbs 
ratio  of  Tulccity  in  slitS-  and  slactrolytss  dspends  considerably  on  the  duration 
of  our  experiment.  During;  shortlcistin^  experiments  with  alloy  (up  to  3 

days)  in  0,1  N  NaCl  tbs  Tslocity  of  corrosion  in  slits  Is  smaller  than  in 
elactroiytes.  At  longer  experiments  the  Telocity  of  corrosion  in  slits  be¬ 
comes  greeter  than  in  electrolytes.  In  tho  aeaatime,  tba  relationship  between 
the  Telocity  of  Ma-3  alloy  corrosion  in  slits  and  chlorine-ion  concentration  was 
about  tbs  same  as  for  alloy  Hl-3  (Flg«  3) 

Tbs  conqjaratiTs  inreatigatioa  of  corrosion  end  electro-chsnical  behSTiour  of 
those  matals  .mi  alloys  in  aerated  electrolyte  and  in  oxygen-free  electrolyte 
(roteting  electrode'  has  been  carried  la  order  to  determine  the  mechaniam  of 
magnesium  and  its  alloTE  c-oi-roaii-.n .  ea,.  are  glTsn  in  Table  2. 


Figure  1  higbe  pux-«vy  ma^vm  .n  0.01  N  NaClt  1.  corrosion 

▼sloclty;  2.  an  sTSrage  depth  of  pits  (from  three  maiimums)  in  condition  where  all 
surfeee  of  awtal  is  in  a  alit ;  3.  corrosion  Telocity  in  electrolyte;  4.  corrosion 
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Tsloclty  in  slita  at  the  piraaeoca  of  contact  with  mtal  hj  eleetrolTte*  Tha  ratio 
of  surfaces  is  I  t  1;  duration  of  azparisenta  —  7  days* 

The  study  of  the  results  permits  us  to  conclude  that  tha  destruction  of  oxygen 
diffusion  into  alita  cannot  contribute  to  the  increase  on  velocity  of  corrdaion  as 
a  result  of  disturbed  passive  stete  because  in  deaerated  electrolytes  velocity  of 
corrosion  is  lover  then  in  aerated  electrolytes.  Diminishing  in  velocity  of  pro¬ 
cesses  la  due  to  exclusion  of  aorrosion  on  account  of  oxygen  depolarizatdon  which 
to  magnesiuffi  and  its  alloys,  according  to  Paleolog’a  investigations  /3/.  has  a 
considerable  magnitude  in  neutral  electrolytes.  Cf  cettaln  Interest  are  also  the 
results  obtained  with  rotating  aiectrodes(Fig.4)  During  rotation  of  electrode,  the 
velocity  cf  corrosion  Increases  3^  times  and  potentially  shift  to  the  negative 
400  mV,  The  character  of  corrosion  also  changes  greatly.  Fig.  2(DOt  available 
in  paper  for  repioduct ion)  represents  the  picture  of  magnesium  surfaces  after 
corrosion  in  stationery  e l^rctrolyteCa)  aid  with  rotating  electrode(b) ,  In  the 


lost  th^  conroslon  baa  distinctly  local  character. 


Table  2 


CCKROSIOK  ySLOCin'  AND  ^J^.GlM‘^JDE  OF  .MAGNESIUM  PCTEi^TlALS  IN  0,01  N  NaCl.  DURATION 
CF  EXP£:RIK£.NTSi  24  HOURS  •ITH  ROTaTINC  ELECTRODE.  8  DaYS  FOR  OTHER  CASES 


material 


ROTATING  ELECTRODE 
2000 KFW 


high  purety  magneslua  13»0 
alloy  MA  -  8  6.9 
Alloy  ML  -  5 


— lo9 
“1.33 


^1.24 
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Bt  eonf)ari!io&  and  anal/aia  of  th«  data  obsarred,  tha  following  BaehaaiaB  of 
allt  BMignealum  corrdsion  can  be  offarad*  Magnaslun,  aa  It  la  known,  eorrodas  eon- 
sldarablj  aran  in  nautral  elactrolytaa  with  conaiderabla  dagraa  of  hydrogan  da- 
polarization.  Snittlng  hydrogan.  trying  to  aaeapa  from  allta*  oiixaa  thoroughly 
in  tha  alactrolyta  and  tha  adzing  in  slita  la  longar  than  at  metal  surfaces  in 
electrolyte;  tha  apace  for  bubblaa  to  nuva  in  the  slits  is  lioitad  end  this 
movaaient  is  complex.  Tha  intense  noTement  of  electi^ilyte  and  bubblaa  of  in 
tha  slits  presents  fonaation  of  protectiTe  fils;  and  destroys  tha  existing  film 
which  stipulates  Intense  pit  corrosion.  i 

I 

■  ■  -  ' 


Fig.  3  Dimension  of  Jilt  ‘  ‘  ^ 

Fig.  3  Alloy  ML  -  3  corrosion 

a)  in  ciatilled  water; 

b^  in  0.01  N  NaCl;  . . 

c)  in.  0,1  N  NeCl; 

d)  in  slita; 

a)  in  electrolyte.  Duration  of  cur  experlmentst  -  8  days. 

In  alsctz^lytes  with  sawill  content  of  chlorine-ion  the  Telocity  of  oagnealua 
corrosion  and.  thus,  tha  amount  of  eloped  hydrogen,  are  small  and  therefore,  tha 
affect  of  electrolyte  mixing  cm  be  detected  only  in  aonall  slita.  (Fig.  3)  ^ 

madia  containing  higher  concentration  of  chlorina-iona  the  Telocity  of  corrosion 
and  the  amount  of  liberated  hydrogen  are  increasing.  This  results,  on  one  aids, 
in  hydrogen  and  products  of  cozrosioa  are  filling  almost  fully  small  slits  and 
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pz^Tenta  corroalTv  aedla  from  coming  In;  on  the  other  hand«  more  intenae  eTol* 
■ant  of  hydrogen  beings  intenae  sdzing  of  electrolyte  in  more  wider  slita«  All 
this  brings  the  origin  to  aazlraiam  on  the  curwee  of  metal  corroeion  Telocity  ts 
el  it  dimension  (Fig.  3^)  'eith  14):  (b)  increased  chiorine-ion  concentrstisn  the 
mazinum  on  these  cuttss  shifts  to  the  region  of  wider  ulita.  At  higher  ion  con¬ 
centration  the  large  importance  .acquires  the  condition  of  withdrawal  of  the  pro¬ 
ducts  of  corrosion  and  liberated  hydrogen  end  supply  of  corrostTe  media.  These 
condition  are  lean  fsTorable  in  slita  than  in  electrolytes,  therefore,  the  effect 
of  Intensified  raizing  of  corroaiTe  inedla  in  slits  already  does  not  play  a  de¬ 
ciding  role  and  the  T-iloclty  of  corrosion  Ih  alite  at  such  concentration  of 
chlorine-iona  is  siOMller  than  in  electrolytes  (Fig.  3®)*  effect  of  chlorine- 

ion  concentration  during  which  time  the  smaller  Telocity  of  corrosion  im  slita. 

then  in  electrolytes,  in  obaerTe<i,  depends  on  cany  factors f  the  metal  properties, 

( 

the  Telocity  of  electrolyte  !»3Yem*;nt.  terr^pereture ,etc . ,  [ 

T|kerefore,  the  strong  corrosiTe  distruction  cf  cagneetum  in  slits  ,  is  due 
to  the  work  of  cicroeleinoctB  end  chaxiges  in  Telocity  of  electrodes  reacting  on 
aluaBlemezl  micrcelectrodes.  Microelements,  which  can  originate  from  the  con¬ 
tact  of  the  metal  In  sllte  with  the  metal  of  electrclj-tes ,  are  ij(ot  responeiblo 
for  such  deatructicns.  On  the  contrary,  the  presence  cf  such  contact  in  the  case 
of  magnesium,  results  in  definite  electrochemical  protection  of  metal  in  narrow 
blits  as  the  metal  in  slits  is  a  cetbod  of  mmtMl  macroelement.  (Flg.l,  curre  4) 
The  alloys  ML-  3  XA  -  S  in  o,l  N  NaCl  at  the  presence  of  metal  surface  out¬ 
side  of  the  slits  ere  subjected  Aa  in  slits  to  more  intense  cori'osioc  due  to  the 
work  of  microelements,  whose  anode  is  a  metal  in  the  slit. 

The  origin  of  microelements  is  ei^gained  net  only  by  sharp  Telocity  of  mixing 
of  elfectrolytaa  In  slits  and  around  the  surface  of  metal  in  electrolyte,  but  alec 
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in  Chanda  In  character  of  corroalTe  laedia*  Ttie  corroeive  media  in  narrow  slits  is 
qtlelfly  satiated  with  products  of  corrosion  /VgCCH)^/  and  they  eatabliab  pH  de- 
tomlned  by  product  of  solubility  of  these  products  of  corrosion*  Our  measure- 
oant  shantd  showed  pH  e<iual  to  10,0  — -  10,^2* 

Magnesium  potential  refines  with  increased  alkalinity  and.  therefore,  part 
of  the  EBAterial  In  the  slit  becomes  cathode.  The  opposite  tendency  is  obserred 
sliBultaoeously*  IXie  to  intense  ailing  of  electrolytes  by  the  bubbles  of  hydrogen 
the  interruption  in  the  continuity  of  protective  films  occurs,  the  gSTlTaim  aag- 
nesiun  potential  bacotcea  les^  refined,  which  brings  to  origin  the  macro  el  eaent  e , 
whoaa  anode  is  a  metal  in  the  alita.  However,  difforances  of  potentials,  created 
in  both  cesea,  le  veiy  inolgnlf icant  and  the  current  of  elements  is  small  and 
unstable  with  the  time.  Therefore,  the  influence  of  mac roe laments  in  the  slits 
magnesium  corrosion  la  not  toe  evident* 


1*  '^o 


condos icn  'ceceuet  of 


CONCLDEIOf^ 


slum  and  its  alloys  in  narrow  slits  were 


studied*  It  was  shown  th«t  in  the  mejority  of  cases  these  aietals  are  sub- 

^  f  /-  i 

Jected  to  [I WT liter  corrosion  in  slits  then  in  electxoilytes*  >  Corrosion  in 

. - 

slits  acquires  more  prominent  local  character.'^  The  dependence  velocity  of 
corrosion  on  the  dlaenauon  of  alita  is  described  by  complicated  curves  char¬ 
acterized  by  the  preaence  of  mazima  at  certain  valuei[Of  the  width  of  the  alit* 
2m  Intensified  ,mai^a*»jHim  and  its  alloys  is  dwe  not^'ttt'  the  obeiruet-ioo-Qf  proesarses 
<jOf'  oxygen  diffusion  but  chiefl^tis  mixing  4i#.eiectrolyte./by  tfce  bubbles  of 


-^he  raovemects  of  bubbles  prevent^ea^^fonaatlon  of  protective 
films  and  destruction  of  existing  one*  Hence,  the  strong  corrosive  de¬ 
struction  of  smgnesium  in  slits  is  due  tc  the  work  of  microelements  euid  the 
changes  in  character  of  their  wrk*  The  part  ^Isjpu  h7  macroelements  in 
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<leT9lop«Bient  of  slit  ma^eaixsn  and  its  alloys  corrosion,  contrary  to  prs« 
Tlously  InTestigatsd  eecss  of  slit  corrosion,  is  nsgligibla  dus  to  thsir 
small  affectiToness. 
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